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Taghdir et al this condition. 6 The only treatment for CD is strict lifetime adherence to a gluten-free diet (GFD). In GFD, wheat, rye, and barley are eliminated, and therefore, many daily foods are avoided. 7 Treatment with a GFD results in improvement of many clinical and serological parameters, 8 decreasing the risk of malignancies, 9 and also prevents the development of autoimmune diseases such as diabetes mellitus (DM) type 1. 10 The limitations of the GFD compliance may also affect the quality of life (QOL) in children. 11 Only few studies have been published with regard to ability of children and adolescents to cope with GFD. 12 Some studies have reported that CD considerably affects lifestyle of children and their families. 13 There is limited information on barriers to following a GFD. Knowing factors that affect compliance would help to improve patient's ability to maintain a strict GFD. The aim of this study was to investigate compliance with GFD, barriers to compliance, and the impact of compliance on the QOL in Iranian children and adolescents suffering from CD.
Methods
This cross-sectional study was conducted with the approval of the ethics committee of Shiraz University of Medical Sciences. Written informed consent was obtained from parents of all the participants. A total of 110 known cases of CD, diagnosed in Namazi Hospital, a large referral center in south of Iran, affiliated to Shiraz University of Medical Sciences in Shiraz, selected by census were studied in 2014. All of the patients were subjected to screening for CD using antitissue transglutaminase (anti-tTG) antibodies. Those positive for anti-tTG antibodies were subjected to endoscopy where mucosal details in the descending part of the duodenum were recorded, and biopsy was conducted. CD was diagnosed by compatible serologic tests (using serum endomysial [EMA] and anti-tTG antibodies), small bowel biopsy, and response to a GFD according to the European Society for Paediatric Gastroenterology, Hepatology and Nutrition criteria. Children with biopsy-confirmed CD diagnosed before the initiation of the study were included, whereas those aged <2 and >18 years, with incomplete medical record, and who were not interested in participating in the study were excluded. Finally, 65 patients (both males and females) were included in the study. Dietary compliance was assessed using a questionnaire and by the evaluation of the EMA and anti-tTG antibodies. Questions were addressed to parents and also their children. Compliance with the GFD was defined as subjects might have been unaware of eating any gluten. The compliance rate was evaluated in relation to sex, family history of CD, comorbidities, parental education, occupational status of parents, duration of disease, number of siblings, type of family (nuclear and joint), and QOL.
To assess the QOL, celiac disease DUX (CDDUX) questionnaire was used. The CDDUX consists of 12 items divided into three domains: diet (6), communication (3) , and having CD (3) . A five-point Likert scale based on a diagram with faces expressing different emotional states is used for the answers. There is also a version of questionnaire with the same questions for parents, about their children. 14 To assess the reliability of the questionnaires, a test-retest assessment (n=15) was made within 2-week interval. 15 Kappa statistic and percent agreement between responses (the proportion of participants grouped within the same response category for test and retest) were used to determine the repeatability of the categorical variables. All items assessed showed good agreement between test and retest (>80%). The data were analyzed using SPSS software, version 16.0 (SPSS Inc., Chicago, IL, USA). Continuous variables are presented as mean (± SD) or median (interquartile range), and discrete variables are presented as relative frequencies (%). Discrete variables were compared using chi-square test, and continuous variables were compared using t-test (and when the variables were not normally distributed, they were compared using Mann-Whitney test). P<0.05 was considered statistically significant.
Results
Sixty-five children, 38 females (58.5%) and 27 (41.5%) males, were surveyed. Mean (± SD) age of the respondents was 11.3 (±3.8) years. The mean (± SD) age at diagnosis was 8.11 (±4.2) years. The duration of their follow-up was in the range of 1-144 months. Patients were classified into two groups according to age: group A, <10 years (21 patients) and group B, 10-18 years (44 patients).
Twenty-seven (41.5%) patients before the diagnosis of CD presented with two or more symptoms, while 38 patients (58.5%) showed only one symptom. Ten (15.4%) children had a first-degree relative with biopsy-confirmed CD. Overall, growth failure and abdominal pain were commonly presented (70.8% and 63%, respectively). The most frequent comorbidity was DM type 1 (five patients). Other comorbidities, such as autoimmune thyroiditis, allergy, and anemia, were also seen. Most of the patients referred to the clinic due to growth failure and abdominal pain (24.6% and 15.4%, respectively). Eighty percent of patients reported weight gain following GFD. Fourteen (21.5%) patients were living in joint families. Approximately 17% of the mothers were working outside home. Among the 65 patients, 35 (53.8%) stated that they were not aware of taking any food containing gluten (compliant), and 46.2% said that they sometimes ate gluten-containing food (noncompliant). Of those eating food containing gluten, 30% stated that they did so more than twice a week, and the remainder, once or less than once a week. Almost 94% of children on a strict GFD were asymptomatic, although five (16.7%) of the complaints had positive EMA or anti-tTG antibodies. Among the 30 noncompliant children, 18 (60%) patients were symptomatic, and eight (29.6%) of them had positive EMA or anti-tTG antibodies. In total, seven (18.9%) out of the 37 asymptomatic children had positive EMA/tTG antibodies.
Although nonsignificant, there were higher noncompliance rates among female patients than males (52.6% vs 37%, P=0.2). The patients with a positive family history were more compliant (60%, P=0.3). Noncompliance was higher in joint than in nuclear families (57.1% vs 43.1%, P=0.4). Dietary compliance was better in patients with comorbidity (57.1%, P=0.7).
Compliance was better in patients belonging to families with less number of siblings (58.3% of the dietary-compliant patients had one or no sibling). None of the factors described were significantly correlated with compliance (Table 1) .
Mean (± SD) duration of disease of the patients in compliant and noncompliant groups was calculated as 3.7 (±3.4) and 2.6 (±3.1) years, respectively (P=0.2).
Mean (± SD) education years of mothers in compliant and noncompliant groups were 8.7 (±3.1) and 10.3 (±3), respectively (P=0.04). Mean (± SD) education years of fathers in compliant and noncompliant groups were 10 (±3.8) and 12.2 (±3.2), respectively (P=0.02).
The mean (± SD) CDDUX score was higher in dietarycompliant patients (33.5 The barriers to dietary compliance reported by patients with CD are listed in Figure 1 . The main barriers to compliance reported by the patients were as follows: poor or unavailability, 65 (100%); high cost, 63 (96.9%); insufficient labeling, 55 (84.6%); poor palatability, 50 (76.9%); and no information, 45 (69.23%).
None of the participants were covered by health insurance for the cost of the gluten-free products (GFPs). After starting the GFD, 86.2% noted a significant improvement in their health.
Discussion
To our knowledge, the evaluation of the compliance of children, adolescents, and their parents with a GFD has not been reported previously in an Iranian population. Although diagnosis of CD is important, focusing on the patient's ability to comply with a GFD is essential too. Eating is not just a physiological action but also related to socioemotional needs of people. If diet is limited, it affects all aspects of a person's life. 16 Our results showed that the effect of a GFD was dramatic in most patients. Little information is available on the reasons for noncompliance, especially in children. 17 One study showed that the main cause of noncompliance was the restrictive nature of the GFD. In the present study, dietary compliance rate was 53.8%. This rate in the other populations (including Middle East) has been reported to be 30%-95%. 4, [19] [20] [21] [22] However, because compliance was assessed by self-reporting, some degrees of overestimation is possible. The findings in the present study, in consistence with that of Roma et al, 23 showed that poor compliance was seen even when all patients had biopsyconfirmed CD.
Although noncompliance was more common in female patients (ie, 52.6%), similar to previous studies, the relationship between compliance and sex was not statistically significant. 24 Higher noncompliance rate in female patients may be explained by family pressure as they approach marriage age, 25 which is a social issue in Iranian and some other Asian cultures. Noncompliance was more common in female patients aged 10-18 years (ie, 56%) compared to females <10 years of age (ie, 46.2%).
The present study found a statistically nonsignificant decrease in compliance during 10-18 years of age. These results are similar to other studies. 25 Good compliance in young children could be due to parents' awareness about the disease. However, children often do not comply with GFD during adolescence, and may stop their GFD. 25 This study also found parents' education as a significant factor affecting the compliance. Chauhan et al 25 also showed that compliance is affected by maternal education. An explanation is that mothers are responsible for preparation of gluten-free (GF) foods, while fathers usually are responsible for paying for the household expenses and providing food items. So, in families in which father is more educated, there will be a better understanding of CD, and as a result, provision of GFPs may be easier.
In line with a previous study, 23 the compliance in children with positive family history of CD was better. Possible explanation could be more familiarity with the GFD in these patients.
Although results of the present study showed that compliance was lower in joint families and when numbers of siblings were more, in consistence with other studies, this relationship was not significant. 23, 25 Our study showed that 16.7% of the complaints had positive antibodies (EMA or anti-tTG). Among the 30 noncompliant children, 60% were symptomatic, whereas 29.6% of them had positive antibodies. Like a previous study, 26 these facts can indicate that unintentional GFD noncompliance is probable. An explanation is accidental consumption of gluten, when the labels on processed foods are inadequate or when gluten is present in meals prepared outside home. 27 Fourteen (21.5%) patients reported having other diseases. In this study, the most frequently related disorders were DM type 1 and autoimmune thyroiditis. Although compliance was more common in patients with comorbidity, as in other studies, there was no significant association between comorbidities and dietary adherence. 28 There are many barriers to GFD, which can affect QOL. In line with other studies, 17, 23, 25, 29 the main barriers include 
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Dietary compliance in celiac disease poor or unavailability, high cost, poor palatability, insufficient labeling, and no information. Availability of GF foods was, by far, the most important barrier to overall adherence, especially outside the home. Results of a cohort study 29 had shown that the unavailability of GFD affects the compliance. GF foods are not freely available in Iran. In some cities, GFPs such as flour and biscuits are limitedly available from small-scale industries. Although most of them are made from GF cereals, cross-contamination of such cereals is a problem. Therefore, there is a serious need for large-scale industrial production of GFPs for CD patients in Iran.
Cost, taste, and labeling were also considerable barriers. The cost of GFPs is much higher than gluten-containing ones. 30 GFPs were, on average, 2.5 times more expensive than their gluten-containing counterparts. 30 The present study in line with other studies showed that noncompliance is more common when providing GFPs is considered a financial burden. 25 Because the GFD should be followed lifelong, the overall economic impact can be significant, especially if several persons in the household are suffering from CD. In Iran most GFPs are imported, and this has led to higher prices and intensified economic problems. Furthermore, the lack of insurance coverage of the cost of GFPs in our country is an obstacle to strict adherence to the GFD.
A problem in detecting food contamination with gluten was also noticed in Iran and other developing countries. Possible explanations may relate to the labeling itself and cross-contamination during the process of production and distribution of non-wheat products. The low compliance rate observed in the present study may be due to the limited participation of health care professionals in educating patients and their parents about GFD and food labeling. Due to the lack of gluten labeling on food items in Iran, it is difficult for a patient to know if a certain food product is GF or not. Patients and their parents require education about the disease, hidden gluten in foods, and adequate nutritional intake. 31 The CDDUX questionnaire was used to assess the QOL of patients. There is also a version of questionnaire with the same questions for parents. There is great value in having a parent proxy; this allowed better assessment of QOL, particularly due to a significant difference noted between responses of child and parent. Overall, children reported a better QOL than their parents (parents: 25.2 [±14.4] vs children: 30.2 [±15], P=0.009). This could be explained by the fact that the parents may think that their child has problems with the diet or that the child does not like the GF foods. The results of the present study, in consistence with other studies, 32, 33 showed that compliance with the GFD will result in a better QOL.
Our study had some limitations, including parental influence, possible selection bias due to the tertiary clinical setting, and a cross-sectional design, so our finding cannot be generalized to the general population of children and adolescents with CD in Iran, but further studies by other researchers in a more representative population of children and adolescents with CD will benefit.
Conclusion
Approximately half of the patients with CD reported dietary compliance. The main barriers include poor or unavailability, high cost, poor palatability, insufficient labeling, and no information. Adequate financial support by government and health insurers is needed. Proposed strategies to improve compliance and QOL are better food labeling, greater availability of GFPs in restaurants and food stores, and better education about the diet.
